The susceptibility of cultures of chicken cells to cell-free turkey herpesvirus (HVT) was affected by the age of the culture but not by cell type, cell passage, or age and genetic constitution of the donor. Chicken embryo fibroblasts (CEF), chicken kidney (CK), and chicken embryo kidney cells all were of equal sensitivity, but duck embryo fibroblasts were only one-fourth as susceptible as the chicken cells. Three-or 24-hour CEF and 24-hour CK cell monolayers were more sensitive than 48-or 72-hour cultures. CEF cells inoculated while in suspension were less sensitive than those inoculated as monolayer cultures. About 7.5 X 106 CEF seeded per 60-mm Petri dish was found optimal.
This paper presents data pertaining to various features of in vitro infection using cell-free preparations of HVT. Factors studied included: 1) those associated with the cell culture (cell type, origin, passage, age and number of cells); 2) those associated with cellvirus interaction (virus diluent, adsorption and penetration times); and 3) those involving the virus inoculum (thermolability, susceptibility to freeze-thaw cycles, virus dispersion).
MATERIALS AND METHODS
Cell cultures. Media, solutions, and methods for cell culture preparation and handling were generally as described previously (4, 5) . All cultures were grown in 60-mm plastic petri dishes (Falcon Plastics, Los Angeles) and were incubated at 38-39 C in a humidified atmosphere of 5% CO2 in air. Several types of cell cultures were employed; those used most commonly were 24-hour primary cultures of chicken embryo fibroblasts (CEF) or chicken kidney (CK) cells prepared from 9-to-11-day-old embryos and 2-to-6-weekold chickens. Donors were usually from the poultry disease research (PDRC) flock (3), although CEF cells for 1 experiment were obtained from K-, C-and S-strain (6) embryos obtained through the courtesy of Dr. R. K. Cole, Department of Poultry Science, Cornell University.
Used for certain experiments were secondary or tertiary cultures of CEF, secondary duck embryo fibroblast (DEF) cultures, or primary chicken embryo kidney (CEK) cultures. DEF cells originated from 11-day-old embryos from a commercial flock of White Pekin ducks; the CEK cells were from 20-day-old PDRC embryos.
Generally, cultures were seeded with enough cells to give nearly a complete monolayer at the time of inoculation. One exception was with CK cells to be inoculated at 24 hours; these cells ordinarily were attached and spread to some degree, but a monolayer of fully spread cells was not usually achieved until after 48 hours of incubation. Another exception was with CEF inoculated 3 hours after plating, in which case only a 30-50% monolayer was present.
Viruses. Strain FC 12,6 (12) of HVT was employed throughout the experiments. Altogether, 6 batches of cell-free virus were used; each was prepared by extraction from infected cells by sonic vibration in the presence of a stabilizer (SPGA) as described elsewhere (4). Three batches (641, 725, 757) were stored at 4 C as lyophilized preparations and were used immediately after reconstitution with distilled water. Three (650-2, 659, and Cl-1) were stored frozen at -70 C. Batches 641 and 659 were from infected CK cell cultures, and the others from infected CEF cultures.
Cell-associated virus (infected CEF) also was an inoculum; batch 720 was stored frozen at -196 C with dimethyl sulfoxide (DMSO) as reported elsewhere (11).
The JM strain (10) of MDV was studied for comparative purposes in some experiments. Cell-free skin extract (batch 364) and cell-culture extract (batch 704) were prepared by described methods (2,4) and were stored at -70 C. Cell-associated virus (batch 711) consisted of JM-virus-infected CK cells frozen at -196 C with DMSO. Diluents for cell-free virus consisted of the following: a) "SPGA," a stabilizer containing sucrose, sodium glutamate, and bovine albumin in phosphate buffer (9), previously found useful for extraction of HVT from infected cells (4) ; b) "SPA," a stabilizer identical to SPGA but without sodium glutamate; and c) pH 6.8 phosphate-buffered saline (PBS). Added to the SPA or PBS diluents in some cases was 0.2% disodium ethylenediaminetetraacetate (EDTA). SPA was the standard diluent, employed in all assays except where noted otherwise. Cellular inoculums were diluted in cell-culture medium. HVT antiserum. Specific antiserum was produced by intramuscular inoculation of a mature male PDRC chicken with two doses (17-day interval) of cell-associated HVT. Serum, from blood collected 19 days after the second injection, was found to neutralize at least 100 focus-forming units when diluted 1:100. Undiluted serum was stored at -20 C prior to use in these trials.
Inoculation and examination procedures. Except where indicated otherwise, cell-free virus preparations were inoculated onto drained monolayers at the rate of 0.25 ml per culture. The cultures were incubated for 30 minutes, and then 5 ml liquid medium was added without removal of the inoculum. Some cultures were inoculated while in suspension before plating. The procedures for that and other variations are described where appropriate. Cellular inoculums were placed directly into the 5 ml of fluid medium covering the monolayer. After 24 hours of incubation, all cultures, regardless of inoculum type, were overlaid with an agar medium. In all experiments, 2 to 6 replicate cultures were inoculated for each virus assay.
Each culture was examined microscopically, and the focal lesions (foci) in a portion or all of the culture (depending on the number of foci) were enumerated. Final counts were made after 5 or 6 days of incubation in the case of HVT, and after 7 or 8 days for MDV. Table  1 , where it can be seen that all of the chicken-origin cells compared within a given trial were of approximately equal sensitivity whereas the DEF cells appeared to be only about one-fourth as sensitive to virus as CK cells. b) Age and genetic constitution of donor embryos. In one trial, different CEF cell cultures were prepared at the same time from PDRC embryos which had been incubated for 9, 10, or 11 days. In a second trial, parallel cultures of 11-day-old K-, C-, and S-strain and PDRC embryos were the source of CEF cultures. Cell-free HVT (1:300 batch 725 virus) was assayed on 5 or 6 replicate cultures in each case. In the first trial, the average numbers of foci in cultures from the 9-, 10-, and 11-day-old embryos were respectively 242, 290, and 248. For cultures from the 4 genetic strains, the respective average focus counts were 392, 500, 480, and 360. It was concluded that the embryo ages and genetic strains tested were not of significance in determining the sensitivity of cell cultures to cellfree HVT. c) Culture age. Several trials were done in which cells plated at various times were inoculated in parallel to determine the effect of culture age on titer. Generally, CK or CEF cultures were drained and 0.25 ml of inoculum added per monolayer; the liquid medium was replaced after 30 minutes of incubation. For cells inoculated at "0 hour," however, the virus was added directly to the 5 ml of cell suspension just prior to plating. In two trials, cellular HVT inoculum was titrated in parallel with cell-free virus. Results are in Table 2 . It was determined that both CK and CEF cells were less sensitive to infection if exposed while still in suspension rather than as monolayers, but that CEF infected only 3 hours after plating were as susceptible as 24-hour cultures. Sensitivity of CK cells to cell-free virus was somewhat greater 24 hours after plating than at 48 or 72 hours. With cellular inoculums, however, the differences were not great or were in the opposite direction; i. e., virus titers were higher with assays in older cultures. inoculation of monolayer cultures (see Table 5 ). In this instance, 24-hour CK cultures were drained and inoculated with 1:100 or 1:1,000 dilution of batch 725 HVT. After 10 minutes, some cultures were washed to remove the inoculum and then overlaid with agar medium. This procedure was repeated with others at 30 minutes. The remaining cultures received 5 ml of liquid medium (inoculum not removed) at 30 minutes and were then washed and overlaid with agar medium after 2 or 24 hours of incubation. This intermediate step was necessary because it was found that the number of foci per culture decreased if the period during which the culture was covered with only the 0.25 ml of inoculum was extended past 30 minutes (see Fig. 1 ), probably as a result of deterioration of the cells. The data in Table 5 BPeriod of virus-cell interaction prior to the addition of specific antiserum to the medium (1% level).
EXPERIMENTAL DESIGN AND RESULTS

Factors
CNumber of foci in the treated cultures compared with the control cultures, maintained without antiserum; 4 replicate cultures per assay.
To determine the time required for penetration, 4 trials were conducted in which specific antiserum was employed to inactivate extracellular virus after various exposure periods. To test the efficacy of the HVT antiserum, two trials were made in which equal parts of 1:100 batch 757 HVT (in SPA) and 1:50 antiserum (in PBS) were mixed and incubated at 37 C. PBS was substituted for antiserum for a virus control. After incubation periods of 3 to 50 minutes, samples were assayed on 24-hour CK cultures (3 replicates per sample). The virus control assays were done only after 30 minutes of incubation. Results are illustrated in Fig. 2 , where it can be seen that with only 3 minutes of virus-antibody interaction before assay, about 95% of the virus infectivity was lost. Complete neutralization was apparent after 20 or 50 minutes for the two trials, respectively; the difference may have been a reflection of the higher virus titer in one sample.
For the penetration trials, 3-or 24-hour CEF and 24-hour CK cell cultures were drained and then inoculated with 0.25 ml of virus suspension. After a 30-minute incubation period, each culture received 5 ml of liquid medium. The medium for some cultures was supplemented with 1% positive antiserum. Other cultures had HVT antiserum added (1% level) at 60, 120, or 180 minutes postinoculation. Control cultures received no antiserum. Liquid medium was employed throughout these trials, and when medium was changed after 3 days antiserum was again included for the appropriate cultures. After 30 minutes (see Table 6 ), only 14 to 43% of the virus was inaccessible to antibody, indicating successful penetration. About 50% and 90% of the cell-free HVT had penetrated after 60 and 180 minutes, respectively. No significant differences were observed between CEF and CK cells. (Table 9) indicate that simply pipetting for a prolonged period (50 times) could increase the virus titer by 50% and that brief treatment by sonic vibration could nearly double the titer. Also, it was apparent that much of the virus present in the original extract must have been in clumps or attached to cellular debris. Even after the pipetting treatment a low-speed centrifugation reduced the titer of the suspension. This was not as apparent with sonically treated samples, in which centrifugation did not reduce virus titer in 2 of 3 samples. The reason for the drop in titer with the sample treated by sonic vibration for 30 seconds and then centrifuged was not explained. Generally, it was concluded that virus clumping is, indeed, a factor of significance and that the additional mechanical treatment associated with the higher dilutions could explain the phenomenon reported in Fig. 3 .
DISCUSSION
It should be noted that there were some problems in the interpretation of results. From the data presented, it can be seen that sometimes there was considerable variation in the virus titer of a given virus preparation employed for different trials. This could have been due to actual titer variations among aliquots but it seems more likely that it was a reflection of some of the variables pointed up in the various trials. Additionally, there may have been variables not identified. Certainly, it appears more meaningful to compare data within rather than between trials. Focus counts from replicate cultures were reasonably consistent; variation generally was not greater than 10-20%. Mean counts that differed by a factor of 2 or more were arbitrarily considered to reflect a significant effect. In some cases, interpretation was aided by replicate trials; in others, trends were obvious.
Several features thought to be important for consistent and sensitive assays of cell-free turkey herpesvirus were studied. Those which were considered to be of special significance are briefly noted here.
First, the potential problem of virus aggregates must be kept in mind. Thorough mixing of each serial dilution being assayed, preferably with some mechanical agitation, should help disperse virus and thus produce a more accurate titer. Brief periods of sonic vibration were efficacious in these studies but may not always be practical.
Another important point concerning the virus inoculum was found to be the diluent. If virus assays must be delayed for more than a short time, it is imperative that a stabilizer be employed. Neither PBS nor cell-culture medium (M-25) maintained the virus titer as well as the SPA or SPGA stabilizers, and even relatively brief holding periods in PBS or M-25 at 4 C were very detrimental. Surprisingly, virus in the latter diluents remained infectious for longer periods at room temperature or at 37 C than at 4 C. An added benefit of the stabilizer for diluent was that a virus suspen-sion could be frozen to -70 C for later assay without any effect on titer.
Assay cultures of chicken cells were much more sensitive than those of duck cells. In this respect, the cell-free virus was similar to cell-associated HVT (12). An apparent difference in assay sensitivity between the cell-free and cell-associated virus preparations was the relationship between the age of the culture at inoculation and the virus titer. Young (3-or 24-hour CEF, 24-hour CK) cells were more sensitive than 48-or 72-hour cells in the case of the cell-free inoculums, while this did not seem to be true with cellassociated virus.
While the species from which cells were derived was important, the type of cell (CEF, CK, CEK) was not of significance. Thus, it appears that HVT differs considerably from Marek's disease virus in this regard since, in parallel titrations, neither CEF nor CEK were as susceptible as CK to the latter virus (Calnek, unpublished data).
It was very interesting that while some virus attached to cells relatively rapidly, virus attachment continued after more than one hour and penetration was not completed until about 3 hours after infection. While the close virus-cell relationship achieved by the inoculation of drained cultures was of significance in increasing assay sensitivity, virus adsorption continued even after liquid medium was added (at 30 minutes postinoculation).
